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Abstract: The effects of stock type on morphological and physiological characteristics were compared in 1 + 0 Crimean
juniper (Juniperus excelsa Bieb.) seedlings. In October 2010, the morphological characteristics of both stock types
were determined. The physiological condition of both stock types was evaluated by measuring water relation, root
growth potential (RGP), and root electrolyte leakage (REL) parameters in seedlings at periodic intervals from October
2010 to April 2011. Container seedlings had greater root collar diameter, higher height, and greater shoot dry weight
than bareroot seedlings, but these differences were not significant. However, the shoot-to-root ratios of the container
seedlings were significantly lower than those of the bareroot seedlings, but their root dry weights were higher. In both
stock types, osmotic potential at turgor loss point, osmotic potential at full turgor, relative water at turgor loss point,
apoplastic water fraction, symplastic water at saturated point per dry weight, dry weight fraction, RGP, and REL showed
a seasonal variation. The differences between stock types in terms of the water relation parameters were not generally
significant. The RGP values of the bareroot seedlings were higher than those of the container seedlings in January,
February, and March, but their REL values were generally lower than those of the container seedlings on most lifting
dates. For each type of stock, seedlings lifted in January and February had greater stress resistance than seedlings lifted
in the autumn or spring. If the weather conditions are suitable, the safe period for lifting and planting is mid-January
to mid-March.
Key words: Crimean juniper, electrolyte leakage, seedling quality, water relations

Introduction
Junipers (Juniperus spp.), containing 60 species
and spreading among many different temperature
environments from the northern hemisphere to
Southern Africa, are evergreen trees and shrubs. Even
though juniper forests cover an area of 447,492.5 ha in
Turkey, 82.6% of these juniper forests are designated
as unqualified (OGM 2006). This situation has been
put on the agenda as these productive juniper forests
should be regenerated and the unqualified parts
should be rehabilitated to be productive forest lands.
In recent years, mass stock production of Crimean

juniper (Juniperus excelsa) seedlings has started, and,
as a result, both bareroot and container seedlings have
started to be used densely in reforestation. However,
most reforestation activities that are established by
planting bareroot seedlings have not been successful
(Gültekin 2007).
Many studies have shown that field survival and
productivity are related to the quality of the seedlings
used. Both the morphological and physiological
characteristics of the stocks have a key importance
in determining field performance in many species
(Ritchie and Dunlap 1980; Ritchie 1984; Burdett 1990;
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McKay 1997). In addition, it has been stated that there
are important differences in terms of morphological
and physiological characteristics between bareroot
and container stocks (Leugner et al. 2009). Large
areas of Turkey have arid, semiarid, and steppe
features according to the climate data, soil properties,
and natural vegetation (Ayan 2007). In such areas,
the survival and growth of bareroot and container
seedlings can be different. Seedling quality can be
assessed by measuring several morphological and
physiological characteristics. Today, because of the
ease in practice, morphological seedling characteristics
(seedling age, seedling height, root collar diameter,
etc.) are being used more and more. However, it is also
necessary to determine the physiological condition
of seedlings to accurately identify lifting time, cold
storage, and planting windows (Perk et al. 2004). The
physiological quality of seedlings has been determined
by measuring water relations, root growth potential,
dormancy status, and root membrane integrity
through the measurement of root electrolyte leakage
and other physiological characteristics (Ritchie 1984;
McKay 1997; O’Reilly et al. 2001). In this study, the
seasonal changes in the physiological condition of
bareroot and container seedlings were investigated at
regular intervals from October to April in 2010 and
2011. In addition, the morphological characteristics of
both stock types were determined and the stock types
were compared in terms of their morphological and
physiological characteristics.

Materials and methods
Plant material
The study was conducted on bareroot and container
Crimean juniper (Juniperus excelsa Bieb.) seedlings
grown in the Isparta-Eğirdir Forestry Nursery
(37°53ʹN, 30°52ʹE, and an altitude of 920 m). The
nursery soil is a loam texture and its pH is 7.7. The
monthly average temperatures and precipitation
provided from a weather station near the nursery
are given in Figure 1. Crimean juniper seeds were
harvested from the Belceğiz seed collection area
(38°02ʹN, 31°22ʹE, and an altitude of 1450 m) in Isparta
in mid-December 2008. Scarification treatment was
applied to remove seed dormancy on a seedbed in
outdoor conditions from August to November 2009
(3 months). Following the scarification, the seeds
were sown on seedbeds that were 1.2 m in width on
17 November 2009 for the production of bareroot
seedlings. On the same date, seeds were sown in
polythene pots 11 × 25 cm in size (approximately
800 cm3 of volume) for the production of container
seedlings. The sowing depth was 5 mm. Bareroot
and container seedlings were grown outdoors in the
nursery until the end of the first growing season.
In June 2010, 18-20 g N m-2 of ammonium sulfate
fertilizer was applied to both bareroot and container
seedlings. The bareroot seedlings were grown at a
seedbed density of approximately 200-250 plants m-2.
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Figure 1. Minimum (filled square), maximum (filled triangle), and mean (circle)
temperatures, and monthly precipitation (bars) during the study years.
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Measurements
Morphological assessments
At the end of the first growing season (October 2010),
in order to determine morphological characteristics,
20 random seedlings of each stock type were lifted,
packed in polyethylene bags, and stored at 4 °C
until measurement. The root collar diameter, height,
number of twigs, shoot and root dry weight, and
shoot-to-root dry weight ratio of these seedlings
were determined. Seedlings were dried at 105 °C for
24 h for dry weights measurements.
Physiological assessments
For both stock types, 40 seedlings were lifted from
the nursery for assessment of root electrolyte leakage
(15 seedlings), dry weight fraction (15 seedlings),
and water relation parameters (10 seedlings) on 23
October, 13 November, and 16 December 2010, and
13 January, 16 February, 12 March, and 17 April
2011. In addition, 20 seedlings were lifted for root
growth potential measurements at approximately 30day intervals from November 2010 to April 2011.
Pressure-volume curves
To establish a pressure-volume (P-V) curve, at each
lifting date, the shoots of the seedlings were excised
at the root collar level. The shoots were washed under
tap water and weighed. In order to fully saturate
them, these shoots were kept at room temperature,
in a dark place, and in distilled water for 24 h. Then
the weight of the saturated shoots was measured
and, following that, the water potential of the shoots
was measured using a plant pressure chamber. The
shoots were used for P-V curves only when the
initial shoot water potential was higher than –0.15
MPa. P-V curves were established from 3 saturated
shoots. In this study, the operation was done using
0.3 MPa pressure stages and when needed it was
kept going until 25 points was reached (plant water
potential reached approximately –4.5 MPa). Osmotic
potential at full turgor (ψπ100), osmotic potential
at the turgor loss point (ψπTLP), symplastic water at
the saturation point per dry weight of the shoot (V0/
DW), apoplastic water fraction (Va/Vt), and relative
water content at the turgor loss point (RWCtlp) were
calculated from the results of the P-V curve. Dry
weight fraction (DWF) was determined as grams
dry weight per gram saturated weight for each shoot

(Tyree et al. 1978; Ritchie 1984; Doi et al. 1986; Parker
and Pallardy 1987; Grossnickle 1992; Mena-Petite et
al. 2001; Serrano et al. 2005).
Root electrolyte leakage
Root electrolyte leakage (REL) measurements were
used to measure the physiological status of each
stock type following the method described by McKay
(1992). Fifteen seedlings for each stock type were
used for electrolyte leakage measurements. The root
systems were washed in tap water to remove soil and
rinsed in deionized water to remove surface ions.
Small amounts (100-500 mg, fresh weight) of fine
roots (≤2 mm) were sampled from the midpoint of
each root system. Individual samples were put in 30mL glass test tubes containing 16 mL of deionized
water of conductivity <2 μS cm-1. The tubes were
capped, shaken, and left at room temperature (2122 °C) for 24 h. After 24 h, the tubes were shaken
again and the conductivity of the solutions (C24) was
measured using the conductivity meter. Following
this measurement, the samples were killed by
autoclaving at 110 °C for 10 min and then allowed
to cool. The second conductivity (Cau) measurement
was made at this time. REL was determined using the
formula REL = (C24 / Cau) × 100.
Root growth potential
On each lifting date, the root growth potential (RGP)
of the bareroot and container seedlings was tested in
a controlled environment chamber with 26 and 21
°C (day/night) temperatures and a 16 h photoperiod.
Selected seedlings were root-pruned 18 cm below the
root collar, and the new white root tips were removed
from the remaining roots. Twenty seedlings from
each stock type were planted in plastic pots (one
seedling per pot) with a 3:1 (v/v) mixture of peat
moss and perlite. Seedlings were watered as required,
and 25 days later the seedlings were removed from
the pots and their roots washed carefully under tap
water. The number of new roots (≥1 cm) per seedling
was recorded as defined by Ritchie (1984).
Statistical analysis
The effect of lifting date on the water relation
parameters, RGP, and REL was analyzed using a simple
one-way analysis of variance (ANOVA) using SPSS
10.0 and a mean comparison was carried out using
Duncan’s test. The comparisons of morphological and
621
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physiological characteristics of stock types for each
lifting date were calculated using Student’s t-test. The
equality of variance was checked using Levene’s test.
Before the statistical analysis, proportional values
were subjected to the transformation of arcsin √p. A
square-root transformation was performed for the
numbers of root and twigs.
Results
Morphology
Despite the fact that significant differences in root
collar diameter, height, number of twigs, and shoot
dry weight between bareroot and container seedlings
were not detected, significant differences were found
in root dry weight and shoot-to-root ratio (Table).
The root dry weights of container seedlings were
higher but their shoot-to-root ratio was lower than
that of bareroot seedlings.
Water relation parameters
According to the lifting dates of seedlings, while the
ψπTLP values of bareroot seedlings varied from –2.81
MPa to –3.59 MPa, they varied from –2.50 MPa to
–3.56 MPa in container seedlings. The ψπTLP values
of bareroot and container seedlings showed seasonal
variation. The differences among lifting dates were
significant for both stock types (Figure 2a). The ψπTLP
value of each stock type decreased gradually starting
in October, reached a minimum in January and

February, and increased again in March. The variation
in ψπTLP values showed parallelism with falling
temperature values as determined for the study area.
In the study area, minimum temperatures decreased
below 0 °C starting in October and after March they
increased above 0 °C. The lowest average temperature
(3.6 °C) was recorded in January and February (Figure
1). The ψπ100 value showed similar changes for the 2
stock types (Figure 2b). In the bareroot seedlings, the
lowest values for V0/DW were recorded in February,
and the highest values were recorded in October. In
container seedlings, V0/DW values were lower in
December, January, February, and March. However,
no statistically significant differences among these
lifting dates were found. The highest values were
recorded in October (Figure 2c). Seasonal changes
were also seen for RWCtlp values (Figure 2d). While
RWCtlp values in bareroot seedlings were highest
(78.1%) in January, in container seedlings they were
highest (77.6%) in December. Va/Vt values increased
gradually from October to January and reached their
highest level in February, and then decreased again
(Figure 2e). Differences between stock types for ψπ100
and V0/DW values were significant only in December
(P < 0.05 and P < 0.05, respectively), but differences
for the other water potential parameters were not
significant.
When dry weight fraction was evaluated, significant
differences were determined between lifting dates for
both stock types (P < 0.001 for bareroot seedlings

Table. Morphological characteristics of both bareroot and container seedlings. Mean values (standard error)
and t-test results.
Parameters

Bareroot seedlings

Container seedlings

2.48 (0.10)

2.64 (0.19)

–0.782 ns

Height (cm)

15.70 (0.44)

16.75 (0.67)

–1.312 ns

Number of twigs (number)

19.05 (1.25)

16.90 (1.56)

1.075 ns

Shoot dry weight (g)

0.96 (0.07)

0.99 (0.12)

–1.198 ns

Root dry weight (g)

0.36 (0.03)

0.60 (0.08)

–2.917 **

Shoot-to-root dry weight ratio

2.80 (0.15)

1.72 (0.06)

6.797 ***

Root collar diameter (mm)

t-test value

Significant differences are indicated by asterisks: ** = P < 0.01; *** = P < 0.001; and ns = a nonsignificant difference.
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Figure 2. Seasonal changes (mean ± SE) in a) osmotic potential at turgor loss point (ΨπTLP), b) osmotic potential at full turgor (Ψπ100),
c) symplastic water at saturated point per dry weight of the shoot (V0/DW), d) relative water content at turgor loss point
(RWCtlp), e) apoplastic water fraction (Va/Vt), and (f) dry weight fraction (DWF) for seedlings. Differences among lifting
dates are marked with different letters after Duncan’s multiple range test. One asterisk (*) indicates a statistically significant
difference (Student’s t-test) between the bareroot and container seedlings at P < 0.05.

and P < 0.05 for container seedlings). DWF increased
gradually starting in October and reached its highest
value in January (Figure 2f). It started decreasing
again in February and reached its lowest value in
April. When DWF was evaluated for each lifting
date only in November (P < 0.05) and January (P
< 0.05), statistically significant differences were
identified between bareroot and container seedlings.
For the lifting dates, the DWF values of the container
seedlings remained higher than those of the bareroot
seedlings (Figure 2f).
Root electrolyte leakage
Significant differences were determined among
lifting dates in terms of REL values for both bareroot
(P < 0.001) and container seedlings (P < 0.01) (Figure

3). REL values showed a relatively seasonal change
in bareroot and container seedlings. In bareroot
seedlings, REL values were higher in October (48%),
then decreased gradually and remained at lower
values in December (24%) and March (28%). In
April, however, they were high again (41%). Similar
results were observed in the container seedlings, but
in the container seedlings the lowest REL value was
recorded in January (40%) and the highest were in
November (50%) and April (48%). Between stock
types, significant differences were identified in terms
of REL values in December, January, February, March,
and April (t test, P < 0.001, P < 0.05, P < 0.01, P <
0.001, and P < 0.001, respectively). The REL values
of bareroot seedlings remained lower than those of
container seedlings (Figure 3).
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Root growth potential

RGP (Number of new roots ≥ 1cm)

RGP was significantly influenced by lifting dates for
both stock types (P < 0.001 for bareroot seedlings
and P < 0.01 for container seedlings) (Figure 4). In
November, RGP values showed a rapid increase in
the bareroot seedlings and reached their maximum
(67) in February. However, they dropped again after
February and showed lower values (30) in April.
In contrast, in the container seedlings, RGP values
increased in November and December, and after a
small decrease in January increased again. Like the
bareroot seedlings, the container seedlings had their
highest value (48) in February and then it decreased
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gradually. The RGP values of the bareroot seedlings
remained higher than those of the container seedlings
in January, February, and March and these differences
were statistically significant (P < 0.001, P < 0.05, and
P < 0.01 respectively) (Figure 4).
Discussion
Morphology
Morphological characteristics, specifically height and
stem diameter, are universally accepted measures of
seedling performance potential. In general, seedlings
with larger stem diameters tend to have higher
survival rates and greater growth potential than those
having smaller diameters (Mexal and Landis 1990).
In this study, there was no statistically significant
difference in the root collar diameter, height, number
of twigs, and shoot dry weight between the bareroot
and container seedlings. The root dry weight values
of the container seedlings were higher than those of
the bareroot seedlings, but their shoot-to-root ratios
were lower (Table). Seedling quality has been defined
as fitness for purpose. The ideal seedling, suitable
for all purposes, does not exist. A target seedling is
a plant that has been cultured to survive and grow
on a specific outplanting site (Dumroese et al. 2005).
For example, in particularly arid areas, shoot-toroot ratios less than 3.0 are usually deemed most
desirable (Genç and Yahyaoğlu 2007). For both stock
types, their shoot-to-root ratios were lower (2.80
for bareroot and 1.72 for container) than this value.
Seedlings with a low shoot-to-root ratio have a greater
survival rate than large seedlings with higher shootto-root ratios in arid areas (Özpay and Tosun 1993).
Therefore, in this study, the container seedlings were
of better quality than the bareroot seedlings in terms
of shoot-to-root ratio and root dry weight. In many
studies, it has been reported that container seedlings
generally survive better than bareroot stock and
produce early growth faster (Alm 1983; McDonald
1991; Barnett and McGilvray 1993; South et al.
2005). However, morphological characteristics have
a limited capacity to discriminate poor quality plants.
It is not possible to plant successfully if the seedlings
are not of good physiological quality. Therefore, the
physiological attributes of seedlings should also be
used to evaluate seedling quality.
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Seasonal changes in water relations
Water relation parameters in woody plants change
in response to phenological stage, water availability,
temperature, and day length (Ritchie and Schula
1984; Doi et al. 1986; Colombo and Teng 1992). In this
study, ψπTLP showed a similar seasonal change in the
bareroot and the container seedlings. However, with
regard to ψπTLP, the differences between the bareroot
and the container seedlings were not significant.
ψπTLP values decreased in both stock types during
the autumn and winter as temperatures declined
and then increased in the spring (Figure 2a). Similar
changes were observed for ψπ100 values (Figure 2b).
Other conifer species have shown a similar decrease
in osmotic potential as winter temperatures decline
(Ritchie and Schula 1984; Doi et al. 1986; Grossnickle
1992). The changes in ψπTLP, ψπ100, and V0/DW values
have been accepted as a sign of osmotic adjustment
(Doi et al. 1986; Miki et al. 2003). Decreases in
osmotic potential may result from an increase in the
accumulation of solutes or from a reduction in cell
sizes (Monson and Smith 1982). Numerous studies
have shown increases in sugars, organic acids, and
amino acids during low temperature acclimation
(Grossnickle 1992). Correia et al. (1989) reported
that changes in ψπ100 were negatively correlated
with changes in DWF, and reductions in ψπ100 were
largely the result of decreases in cell size. Increased
DWF values result from continued cell development
and maturation with an accompanying decrease in
symplastic volume (Doi et al. 1986). In our study,
while ψπTLP, ψπ100, and V0/DW values decreased from
autumn to midwinter, DWF values increased in that
same period.
It has been reported in many studies that
symplastic volume drops during winter (Tyree et
al. 1978; Ritchie and Shula 1984; Doi et al. 1986).
A similar situation was identified in our study as
well. It was observed in our study that while V0/
DW values decreased from autumn to mid-winter,
DWF and Va/Vt values increased, yet ψπTLP values
decreased. V0/DW values increased again with the
start of vegetation period, and Va/Vt values decreased
in this period (Figure 2e). This result shows that the
water relation parameters correlated with the stages
of dormancy. Thus, the highest values of V0/DW were
associated with newly expanding foliage (Parker et al.

1982). It was determined in a study carried out on
Picea mariana (Mill.) BSP container seedlings that
all water potential parameters closely related with
the morphology of shoot elongation, namely, ψπTLP,
ψπ100, RWCtlp, and Σ, were at minimum values before
bud swelling, increased to a maximum during rapid
shoot elongation and decreased slowly following
bud initiation (Colombo 1987). Similar changes in
tissue-water relations were also reported for other
conifer tree species (Tyree et al. 1978; Ritchie and
Shula 1984; Deligöz 2011). In terms of ψπTLP values,
no significant differences were determined between
the stock types for the lifting dates. The ψπTLP and V0/
DW values were at their lowest in February for both
stock types. Although no significant differences were
determined for either parameter quality between
stock types in February, the ψπTLP and V0/DW values
of the bareroot seedlings were lower than those of the
container seedlings.
A seasonal change in ψπTLP values has been
proposed as a reliable indicator of drought resistance
(Awada et al. 2003; Gouvra and Grammatikopoulos
2007). In this study, the stress resistance of both stock
types was highest in midwinter (January to February),
as shown by the lower ψπTLP values. In spite of
similar changes in the RWCtlp values, the differences
between the bareroot and container seedlings were
not significant. Blake and Sutton (1987) found that
significant differences among Picea mariana stock
types also existed for cell water parameters such as
ψπTLP, ψπ100, and RWCtlp.
Seasonal changes in root electrolyte leakage
Electrolyte leakage is a sensitive value that measures
damage to the cell membrane (Tinus 2002; Guo et
al. 2010). Therefore, it is a good indicator of plant
vitality (Radoglou and Raftoyannis 2002). Changes
in membranes are related to the winter adaptations of
the plants and this can be determined by a decrease
in the electrolyte leakage rate (McKay and Miller
2000). High REL values are generally associated with
membrane damage (Mortazavi et al. 2004). Lifting
dates can be decided by investigating the seasonal
changes in root electrolyte leakage (McKay 1998a;
Tinus 2002). Electrolyte leakage from the fine roots of
Picea sitchensis (Bong.) Carr., Pseudotsuga menziesii
(Mirb.) Franco, and Larix leptolepis (Sieb. and Zucc.)
Gord. was highly correlated to both survival rate and
625
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height growth after 2 growing seasons (McKay 1992).
In this study, REL was significantly influenced by
lifting date in both stock types and showed a clear
seasonal pattern. REL was high in October and April,
but it was low in midwinter for both stock types
(Figure 3). Therefore, both bareroot and container
seedlings had higher values for cell membrane
resistance in midwinter. The stress resistance levels of
both stock types were low at the early and late parts
of the lifting season. Large seasonal differences in
REL values were detected in several conifer species
(McKay 1998a, 1998b; O’Reilly et al. 2001). In this
study, significant differences were found between
stock types for certain lifting dates (December,
January, February, March, and April). In general, the
REL values of the bareroot seedlings were lower than
those of the container seedlings. We can conclude
that bareroot seedlings adapt to winter better than
container seedlings.
Seasonal changes in root growth potential
With regard to RGP, significant differences were
identified in both the bareroot seedlings and the
container seedlings during the lifting dates (Figure 4).
The RGP of the bareroot seedlings was distinctively
higher than that of the container seedlings in January,
February, and March. The RGP of both stock types
was the highest in February. Ritchie and Dunlap
(1980) reported that root growth potential typically
increases in autumn and winter months, reaches
its highest level in late winter or early spring, and
decreases dramatically just before the bud break.
Similar changes in RGP have also been identified
in several other studies (Freyman et al. 1986; Dirik
1999; Semerci 2002; Deligöz 2011). The resistance

of seedlings to stress factors is directly affected by
root growth potential. Osmotic potential at turgor
loss point has been accepted as one of the most
sensitive indicators of resistance to stress factors,
and, according to Ritchie (1985), a low osmotic
potential at turgor loss point when the RGP is high
is a very good quality. In predicting the performance
of the seedlings in the planting areas, RGP can be
used together with ψπTLP on the lifting date. Seasonal
changes in RGP are affected by the physiology of the
plants and by the intensity of their dormancy (Burr
1990; Fennessy et al. 2000). In the periods when RGP
was low, we recorded high REL values. A similar
change was observed when comparing the stock
types. In the periods when REL values were low in the
bareroot seedlings, RGP was higher when compared
to the container seedlings.
In terms of shoot-to-root dry weight ratio
and root dry weight characteristics, the container
seedlings had better morphological qualities than
the bareroot seedlings. The water relation parameters
RGP and REL showed seasonal changes in both stock
types. In the periods when both stock types had high
levels of DWF, both ψπTLP and REL values were low,
and RGP was high. Therefore, the stress resistance of
the seedlings may be higher in January and February.
If the weather conditions are suitable, mid-January
through mid-March is a safe lifting time for plants of
both stock types.
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